In most vertebrates, fully grown oocytes are arrested in meiotic prophase I and only resume the cell cycle upon external stimuli, such as hormones. The proper arrest and resumption of the meiotic cycle is critical for reproduction. A Galpha S signaling pathway essential for the arrest is conserved in organisms from Xenopus to mouse and human. A previous gene association study implicated that mutations of human ACSL6 may be related to premature ovarian failure. However, functional roles of ACSL6 in human infertility have yet to be reported. In the present study, we found that triacsin C, a potent and specific inhibitor for ACSL, triggers maturation in Xenopus and mouse oocytes in the absence of hormone, suggesting ACSL activity is required for the oocyte arrest. In Xenopus, acsl1b may fulfill a major role in the process, because inhibition of acsl1b by knocking down its RNA results in abnormal acceleration of oocyte maturation. Such abnormally matured eggs cannot support early embryonic development. Moreover, direct inhibition of protein palmitoylation, which lies downstream of ACSLs, also causes oocyte maturation. Furthermore, palmitoylation of Galpha s , which is essential for its function, is inhibited when the ACSL activity is blocked by triacsin C in Xenopus. Thus, disruption of ACSL activity causes inhibition of the Galpha s signaling pathway in the oocytes, which may result in premature ovarian failure in human.
INTRODUCTION
Fully grown vertebrate oocytes are generally arrested at prophase of first meiosis (also called G 2 arrest). In Xenopus, upon suitable steroid hormone stimulation through a poorly defined nongenomic pathway, arrested oocytes re-enter the meiotic cell cycle, undergo germinal vesicle breakdown (GVBD), and are rearrested at metaphase II until fertilization [1] . Although the G 2 arrest has been extensively studied, the underlying molecular mechanisms are not fully understood [2] . In Xenopus and mouse oocytes, G protein-coupled receptors (GPRs) 3 and 12 are required for the arrest [3] [4] [5] , whereas in human, it seems only GPR3 is essential [6] . It has been proposed that these GPRs may constitutively activate heterotrimeric G-protein alpha S subunit (Ga s ) and G-beta,gamma (Gbc). These G proteins in turn activate a membrane-associated adenylyl cyclase (AC), which maintains a high level of cAMP that is essential for arresting oocytes [1, 7] . Interestingly, GPR3 deficiency in mouse not only causes a defect in oocyte arrest but also results in severe premature ovarian failure (POF) [8] .
The constitutively activated GPR model predicts that a mechanism is in place to maintain indefinite GPR signaling strength in arrested oocytes. Activated GPRs are typically desensitized by endocytosis [9] . One way to compensate for endocytic receptor desensitization appears to be through membrane vesicle trafficking, a process previously shown to be crucial in maintaining oocyte arrest in Xenopus [10] . These findings strongly support the importance of active recycling of membrane-associated signaling components in oocyte arrest; replenishing the GPR signaling system with newly synthesized components may also be important.
In arrested Xenopus oocytes, one of the earliest consequences of progesterone stimulation is inhibition of plasma membrane-associated AC, which results in a sharp decrease in intracellular cAMP levels [11] . The reduction of cAMP levels causes the inhibition of protein kinase A, which eventually results in activation of the p42 mitogen-activated protein kinase (MAPK) by phosphorylation. The activated MAPK and protein kinase Cdc2 are organized into a positive-feedback loop to maintain oocytes in a mature state [12] . Thus, MAPK phosphorylation is an important molecular indicator of Xenopus oocyte maturation.
Lipid metabolism is widely involved in multiple biological processes [13] . One family of enzymes involved in lipid metabolism is long-chain acyl-coenzyme A synthetase (ACSL). ACSL catalyzes long-chain fatty acid (C12-C22) into acyl-coenzyme A (CoA) through a two-step, irreversible reaction (PPI, pyrophosphoric acid):
Five different mammalian ACSL isoforms are in this family: ACSL1, ACSL3, ACSL4, ACSL5, and ACSL6, which show various tissue expression profiles and specific substrate preferences [14] . Several ACSL isoforms have been suggested to be involved with metabolic control in diverse biological conditions [15] . Previously, ACSL1 has been shown to be crucial for lipid metabolism in mouse liver and heart ventricles [16, 17] . Most recently, Kanter et al. [18] reported ACSL1 is also involved in inflammatory effects and atherosclerosis of type 1 diabetes [18] . Interestingly, a linkage disequilibriumbased, genome-wide association study suggested human ACSL6 is associated with POF [19] . However, to our knowledge, no physiological functions have been assigned to ASCLs in ovaries of any species. Here, we report that ACSL activity is required for the maintenance of oocyte meiotic prophase arrest in Xenopus and mouse. We provide evidence that ACSL activity regulates the conserved Gs signaling pathway through palmitoylation. In Xenopus, we identify acsl1b as a major player responsible for the ACSL activity. Our findings suggest that further study of human ACSL functions in oocyte maturation and in POF is warranted.
MATERIALS AND METHODS

Animals
Animal protocols were approved by the Animal Care and Use Committee of the Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, in accordance with relevant Chinese national regulations.
Xenopus Oocytes, Oligodeoxynucleotide Injection, and Triacsin C Treatment Unprimed mature female Xenopus laevis frogs were obtained from Nasco (LM00535MX). Manually isolated, fully grown oocytes (stage VI) were injected with 10-15 ng of antisense oligodeoxynucleotides (AS ODNs; Sangon) or 15-20 ng of morpholino (MO; Gene Tools) and incubated in oocyte culture medium at 188C for 18-48 h. The sequences of MOs and AS ODNs are listed in Supplemental Tables S1 and S2 (all Supplemental Data available online at www.biolreprod.org). For inhibitors used in oocyte maturation assays, 10 pmol of triacsin C (T4540; Sigma), 2-bromopalmitate (2-BP; 21604; Sigma), or tunicamycin (T7765; Sigma) were injected to each oocyte, whereas 10 pmol of palmitic acid (P0500; Sigma) or dimethyl sulfoxide (DMSO) served as the negative controls. For Xenopus oocyte maturation assays, each experimental group contained 40 oocytes in all experiments. Oocytes from one female frog were used for each specific experiment to ensure comparability among assay groups. Experiments were repeated at least three times using oocytes from different frogs. Results were always consistent, and representative data are presented.
Whole-Mount In Situ Hybridization
Briefly, embryos were fixed in MEMFA (0.1 M 3-[N-morpholino]-propanesulfonic acid [MOPS; pH 7.4], 2 mM ethyleneglycoltetra-acetic acid, 1 mM MgSO 4 , and 3.7% formaldehyde) and oocytes in PBS containing 3.7% formaldehyde, and both were stored in methanol. The plasmid pCS 2þ acsl1b was linearized by ClaI, and antisense probe for acsl1b was synthesized with T7 RNA polymerase using a DIG RNA Labeling Kit (Roche Applied Science). However, the same plasmid was linearized by EcoRI, and sense probe was synthesized with SP6 RNA polymerase. The antisense probe for Xpat was synthesized as described previously [20] . Staining was done at room temperature in BM Purple (Roche Applied Science). 
Antibodies and Western Blot Analysis
Acyl-Biotin Exchange Method
The acyl-biotin exchange (ABE) method was performed as described previously [21] with minor modifications. Briefly, 10 oocytes were lysed in 1 ml of lysis buffer. The free sulfyl groups of the protein preparation were blocked by adding 50 mM N-ethylmaleimide (NEM). After removing the free NEM, samples were treated with 0.7 M hydroxylamine and 0.4 mM N-(6-[biotinamido] hexyl)-3 0 -(2 0 -pyridyldithio)-propionamide (HPDP-biotin) to label palmitoylated groups with biotin. After immunoprecipitation with streptavidin-agarose beads, the protein samples were subjected to SDS-PAGE and Western blot analysis, then analyzed using the indicated antibodies (see detailed protocol in Supplemental Materials and Methods).
Mouse Oocyte Culture and Triacsin C Treatment
Isolated mouse oocytes arrested at prophase I of meiosis were collected from ovaries of 5-to 6-wk-old ICR mice. Mice primed with 5 IU of equine chorionic gonadotropin (G4877; Sigma) for 44À48 h were killed, and the ovaries were punctured with two tweezers in 2 ml of mouse oocyte collection medium. The cumulus cells were removed with a mouth-controlled glass pipette. The denuded oocytes were washed three times and cultured in mouse oocyte culture medium (see detailed formulas in Supplemental Materials and Methods).
For triacsin C treatment, oocytes were cultured in 5 lM triacsin C for 24 h in an incubator containing 5% CO 2 and 95% air. After culture, GVBD was scored under a Nikon ECLIPSE TE2000-U microscope.
Statistical Analysis
Experiments were repeated at least three times. Results are presented as the average 6 SEM, as indicated in the figure legends. Data were analyzed using one-way ANOVA with Prizm5 (Graphpad) software. In the figures, significant differences are indicated above the bar (*P , 0.1, **P , 0.01, and ***P , 0.001).
RESULTS
acsl1b Is a Vegetally Localized Maternal mRNA
In a previous study to identify maternal genes that function in Xenopus early developmental processes, we cloned a number of mRNAs localized to the vegetal cortex of stage VI oocytes [22] . In the present study, we set out to address functions of C10, one of the cloned localized RNAs. C10 encodes a homolog of ACSL1 (Supplemental Fig. S1A ). The predicted protein shares more than 75% similarity with mouse Acsl1 and human ACSL1 (Supplemental Fig. S1B ). After searching Xenopus genome databases, we found three ACSL homologs in X. laevis, of which two are homologs of ACSL1 and one is the homolog of ACSL4. We thus named C10 as acsl1b, which previously was named ''similar to fatty acid coenzyme A ligase.'' Whole-mount in situ hybridization showed that expression patterns of acsl1b mRNA during oogenesis are similar to those of Xpat mRNA, a known primordial germ cell (PGC) marker [20] (Fig. 1) . In stage I and stage II oocytes, Xpat was strictly localized to the mitochondrial cloud (MC) (Fig. 1A ), but acsl1b mRNA was also found in the ooplasm as well as being highly enriched in MC (Fig.  1C) . From stage III to stage VI, acsl1b RNA was localized to the vegetal pole of oocytes, but it occupied a broader domain compared to Xpat (Fig. 1, F and I ). Furthermore, we manually dissected animal halves versus vegetal halves as well as animal cortexes and vegetal cortexes and used RT-PCR to analyze the expression of acsl1a, acsl1b, and acsl4 mRNA. Compared to ubiquitous expression of acsl1a and acsl4 in oocytes, acsl1b mRNA was highly enriched in the vegetal cortex, consistent with the in situ hybridization results (Supplemental Fig. S3B ).
During early embryogenesis, acsl1b RNA was initially localized to the vegetal pole of early cleavage embryos (stages I-III) (Supplemental Fig. S2C ), but it became more restricted spatially in the vegetal blastomeres (Supplemental Fig. S2F ).
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At blastula (stages 7-9), acsl1b RNA could only be detected in a few cells at the vegetal tips of embryos (Supplemental Fig.  S2I ). Starting at gastrulation (stage 10), the acsl1b RNA positive cells were internalized in a pattern very similar, if not identical, to that of PGCs identified by Xpat staining (Supplemental Fig. S2L ). These specific expression patterns led us to test whether acsl1b plays a role in PGC development.
Depletion of Maternal acsl1b mRNA Release Xpat mRNA from the Vegetal Cortex
In some organisms, such as Caenorhabditis elegans, Drosophila, and Xenopus, the inheritance of a specific ooplasm, which is named germ plasm, is critical for PGC development [23] . The germ plasm contains specifically localized mRNAs, which are essential for PGC formation [24] . As the first step to study maternal acsl1b function, we used AS ODNs to remove acsl1b mRNA from fully grown oocytes. We designed five acsl1b-specific AS ODNs and found that acsl1b AS3 achieved the most effective RNA depletion (Supplemental Fig. S3A) . Surprisingly, after removing acsl1b mRNA, the vegetally localized Xpat mRNA was greatly deceased, as shown by whole-mount in situ hybridization using Xpat antisense probes ( Fig. 2A) . Interestingly, when we used MO, another type of antisense oligo, to inhibit only acsl1b mRNA translation and not mRNA depletion, no such effect was observed (data not shown). The results suggest that the release of Xpat mRNA from the vegetal cortex was specific to disruption of acsl1b mRNA and likely independent of its protein function. This finding is similar to that of a previous study showing VegT mRNA, but not the protein, is required for anchoring selected maternal mRNAs to the oocytes vortex [25] .
Inhibition of acsl1b Causes Abnormal Acceleration of Oocyte Maturation
Fully grown oocytes must be stimulated by hormones to become matured eggs. In Xenopus, a well-established protocol is to use 2 lM progesterone to stimulate oocyte maturation in vitro. To further test acsl1b function in oocytes, we added progesterone to the culture medium 24 h after oocyte injection of different AS ODNs. Rates of GVBD in oocytes were monitored by scoring the white ''maturation spot'' on the animal pole. Unexpectedly, acsl1b AS3, AS4, or AS5 ODNinjected oocytes went through GVBD much earlier and faster than the control ODN oocytes (Fig. 3, A and B) . The accelerated maturation was specific to acsl1b depletion, because knockdown of acsl1a or acsl4 did not affect oocyte GVBD rate (Fig. 3C) .The GVBD acceleration was largely 
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rescued by coinjection of in vitro-transcribed, capped acsl1b mRNA (Fig. 3D) , which was resistant to acsl1b AS3 ODN. We further confirmed the acceleration result using an acsl1 MO, which blocked both acsl1a and acsl1b mRNA translation (Fig.  3E) .
We further checked metaphase II spindle formation of oocytes depleted of acsl1b mRNA 3 h after progesterone induced GVBD. We found that the oocytes formed metaphase II spindles (Supplemental Fig. S4 , E-H) similar to those of uninjected control oocytes (Supplemental Fig. S4, A-D) and spindles reported previously [26] . Taken together, these results indicate that acsl1b likely is a negative factor in G 2 -M transition in Xenopus oocytes.
Eggs Depleted of acsl1b Fail to Support Embryonic Development
Because acsl1b-depleted oocytes can still mature into eggs, we tested whether these abnormally matured eggs could support further embryonic development using a host transfer procedure [27] . We obtained oocytes in which the acsl1b mRNA was depleted by AS ODNs, added 2 lM progesterone to mature the oocytes, and transferred them to a surrogate host female frog, from which we collected the acsl1b RNA-depleted eggs for in vitro fertilization and embryo analysis. To our surprise, the resulting acsl1b AS3 ODN-injected ''embryos'' failed to enter the first embryonic cleavage (Fig. 4A) . However, the embryos showed pigment contraction and cell membrane stiffness, suggesting that the eggs were activated by sperms. Control mismatched AS ODN-injected embryos or uninjected controls showed normal early cleavages (Fig. 4, B-E) . This result suggests that acsl1b RNA-depleted eggs may be defective in supporting embryonic development. The failed cleavage of acsl1b RNA-depleted eggs impedes us in examining potential functions of maternal acsl1b in PGC development.
Triacsin C Triggers Maturation of Xenopus Oocytes
We reason that the RNA depletion may not completely block the ascl1b activity, because residual ascl1b enzyme could be present in the RNA-depleted oocytes. Thus, it is possible that direct inhibition of the enzyme may give a more robust phenotype. Because acsl1b is the homolog of human ACSL1 (Supplemental Fig. S1 ), we chose triacsin C, a potent inhibitor of ACSL enzyme activity [28] , to directly block acsl activity. As we expected, when we injected triacsin C (2 pmol/oocyte) into the oocytes, their maturation rate was not only dramati-
FIG. 2. Depletion of acsl1b releases
Xpat mRNA from the vegetal pole of the oocytes. After injection of respective ODNs for 24 h, oocytes were fixed with MEMFA and subjected to whole-mount in situ hybridization using antisense probes for Xpat mRNA. In acsl1b AS3 ODN-injected oocytes (A), Xpat signal was greatly reduced from the vegetal tip. In uninjected oocytes (B) or control ODN-injected oocytes (C), Xpat signal was unaffected. Xdazl is another germ plasm-related gene, and injection of Xdazl As ODN (D) also did not affect Xpat signal in Xenopus oocytes. Arrowheads indicate signal region. Bar ¼ 400 lm.
WANG ET AL.
cally increased but also even faster than that of acsl1b AS3 ODN-injected oocytes (Fig. 5A) . Surprisingly, when more triacsin C (10 pmol/oocyte) was injected, GVBD of the oocytes was triggered even in the absence of progesterone (Fig. 5B) . This result indicates that ACSL activity is essential for maintaining meiotic arrest of Xenopus oocytes. To further confirm the maturation, we examined MAPK phosphorylation in oocytes, an indicator for maturation. Indeed, the MAPK was activated in triacsin C-injected oocytes (Fig. 5C ). As expected, uninjected oocytes or DMSO (the solvent used for triacsin C)-injected oocytes did not show any MAPK activation (Fig. 5C) . Moreover, triacsin C-triggered oocyte maturation can be completely blocked by 100 lM forskolin (Fig. 5D ). Forskolin is a potent activator of AC and can also block progesterone- FIG. 3 . Depletion of acsl1b triggers abnormal acceleration of oocyte maturation. A) 2 lM progesterone was used to induce oocyte maturation after injection with 10 ng of AS ODNs. Images were captured at 4 or 5 h after progesterone addition. Oocytes injected with acsl1b AS3 ODN matured much faster than the controls. Red arrowheads indicate ''maturation spots'' at the animal poles. Bar = 400 lm. B) Oocytes injected with acsl1b AS ODNs underwent GVBD at an accelerated rate compared to control oocytes, and 10 ng of AS ODN were injected into each oocyte. acsl1b AS3, AS4, and AS5 are three different ODNs targeting acsl1b mRNA. Con, control ODN. C) ODNs for acsl1a or acsl4 cannot accelerate GVBD as well as acsl1b AS3. D) acsl1b mRNA partially rescued the abnormal acceleration of oocyte maturation by acsl1b AS3 ODN. Oocytes were injected with 10 ng of AS ODNs or 5 ng of mRNA (acsl1b mRNA) or with acsl1b AS3 ODN and acsl1b mRNA together. The oocytes were treated with 2 lM progesterone 24 h after injection. E) Oocytes injected with MO for acsl1 (both acsl1a and acsl1b) underwent GVBD at an accelerated rate compared to control MO-injected oocytes. All experiments were repeated at least three times, and similar results were obtained. Because different batches of oocytes from different female frogs usually have varied GVBD rates, only representative data are shown.
ACTIVITY OF ACSL REQUIRED FOR OOCYTE ARREST triggered oocyte maturation [29] . Although no acsl1b-specific inhibitor is available, these data argue that long-chain fatty ACSL, likely acsl1b, is required for the conserved GPR3-Ga s -AC signaling pathway in arrested oocytes and that the enzyme should function upstream of AC.
acsl1b Activity May Function Through Protein Palmitoylation in Arrested Oocytes
The ACSL-catalyzed reactions generate a number of different products, including palmitoyl-CoA, oleoyl-CoA, and myristoyl-CoA. Thus, the release of the meiotic arrest by inhibition of acsl1b could either be attributed to overall acylCoA lipid metabolism interference or depletion of a specific product. Among the products of ACSL1, palmitoyl-CoA is an essential substrate for protein palmitoylation [30] . For instance, a previous study showed that triacsin C inhibited endothelial nitric oxide synthetase palmitoylation in endothelium through reduction of palmitoyl-CoA formation [31] . It is thus possible that inhibition of acsls in Xenopus oocytes may result in inhibition of protein palmitoylation, which may be essential for maintaining oocytes at the G 2 phase. To test this hypothesis, we chose two potent inhibitors of protein palmitoylation, 2-BP and tunicamycin. 2-BP is a palmitate analog and has been widely used to investigate protein palmitoylation [32] . Tunicamycin is primarily known as an inhibitor for N-linked glycosylation; however, studies suggest it is also a broad protein palmitoylation inhibitor [33] . We examined the possible role of these inhibitors in oocyte maturation by injection of either inhibitor into oocytes. Fourteen hours after the injections, GVBD occurred in the injected oocytes consistent with our hypothesis. After 22 h, 40% of tunicamycin-injected oocytes and 60% of 2-BP-injected oocytes showed GVBD (Fig. 6A) . Furthermore, as expected, 2-BP and tunicamycin effectively activated MAPK phosphorylation in the absence of progesterone (Fig. 6B) .
Interestingly, previous studies suggested Ga s undergoes palmitoylation, which is important to its membrane association and functions [34] . In addition, Ga s has been suggested to be Spalmitoylated at the third cysteine and N-palmitoylated at the second glycine [35] . We generated Ga s mutants by changing the third cysteine to serine (C3S), the second glycine to alanine (G2A), or both (G2A/C3S). We found that injection of wildtype or G2A Ga s mRNA blocked progesterone-induced oocyte maturation, whereas S-palmitoylated defect mutants, C3S and G2A/C3S Ga s mRNA, could not (Fig. 6C) . This confirmed that S-palmitoylation is also required for Ga s function in Xenopus oocytes [35] . More importantly, using the ABE method [21] , we found that both triacsin C and 2-BP greatly reduced palmitoylation level of Ga s in Xenopus oocytes (Fig. 6D) . Taken together, these results indicate that the activity of ACSL is required for the GPR3-Ga s signaling pathway through regulation of Ga s palmitoylation in Xenopus oocytes.
ACSL Activity Is Required for G 2 Arrest of Mouse Oocytes
The GPR3-Ga s signaling pathway of meiotic G 2 arrest is largely conserved among vertebrates, although some variations occur among different species [36] . To investigate whether ACSLs also function in mouse oocyte G 2 arrest, we incubated isolated mouse oocytes in triacsin C culture medium for 24 h in the presence of 2.5 lM milrinone, a phosphodiesterase 3 inhibitor, which blocks maturation of isolated oocytes [37] . Thirty percent of mouse oocytes treated with 5 lM triacsin C underwent GVBD, suggesting a meiotic resumption (Supplemental Fig. S5, C and D) . In contrast, control oocytes showed a significantly lower GVBD rate (Supplemental Fig. S5D ) (P ¼ 0.005), and most of those oocytes remained arrested at the germinal vesicle stage (Supplemental Fig. S5, A and B) . Taken together, our results suggest that ACSL activity is also required for maintaining meiotic arrest in mouse oocytes and that the ACSL function likely is conserved from amphibian to mammals.
DISCUSSION
Previous studies suggested that different ACSL isoforms have distinct subcellular localization [38] . The relation between the localization and the physiological functions of these ACSLs remains an important and interesting question. In the present study, we showed that the acsl1b activity is essential for maintaining the G 2 arrest in Xenopus oocytes. The specific contribution of ascl1b to meiotic arrest is significant, because depletion of two other maternal ascls (ascl1a and ascl4) did not cause acceleration of the maturation (Fig. 2B) , suggesting ascl1b has a unique regulatory role in the process. This is surprising, because acsl1a and acsl1b share more than 95% protein similarity. The major difference between them is in the 3 0 untranslated region (UTR) of the mRNA sequence. The 3 0 UTR of maternal mRNAs has been shown to play important regulatory functions, such as translation control and mRNA localization [39, 40] . Whether the 3 0 UTR of acsl1b regulates its specific vegetal localization and whether this localization is related to its function remain interesting questions.
The identification of acsl1b as a critical component of the meiotic cell-cycle regulation supports a model in which acsl1b may provide a sustained level of substrates, such as palmitoylCoA, to maintain the conserved GPR3-Ga s -AC signaling pathway for the long and dormant G 2 arrest (Fig. 7) . Interestingly, we also found that Xenopus DHHC3, a palmitoyl transferase of Ga s [41] , was required for the G 2 arrest of oocytes, which is consistent with this model (Wang and Zhang, unpublished results). Because the GPR-Ga s signaling pathway has diverse biological functions, it is worth testing whether some certain ACSL is also involved in these processes and how it executes the regulatory function.
In Xenopus oocytes, the effect of triacsin C seems to be more dramatic than knocking down acsl1b. Whereas triacsin C can even induce maturation, knocking down acsl1b only accelerates the maturation rate after hormone stimulation, either by AS ODN or MO. We thought there may be two possibilities. One is that by knocking down acsl1b, we only inhibit new protein synthesis, whereas we cannot block the function of existing acsl1b proteins or exclude the leaking expression. The other is that some other redundant ACSL is also involved in Ga 2 arrest of Xenopus oocytes. Because the genome of X. laevis has not been fully sequenced, we only found three ACSL homologs from the database. Therefore, we cannot exclude this possibility.
More importantly, because we also found that ACSL activity was required for mouse oocyte meiotic arrest, the mammalian ACSL responsible for arresting oocytes remains to be identified. Although we suggest that acsl1b is the homolog of ACSL1, mouse ACSL6 also shows high similarity with ascl1b (67% identical amino acid residues). Thus, it is possible that ACSL6 or other ACSLs, rather than ACSL1, execute the role of acsl1b in mammalian oocytes. We have tried to answer this question by knocking down ACSL1 in mouse oocytes; however, the knockdown efficiency is too low to draw a conclusion (data not shown). The best method should be generating conditional ACSL-knockout mice.
Premature ovarian failure describes a disease in women who lose functional ovary before age 40. The GPR3-Gs signaling pathway has been shown to be involved in POF, although the relation between maintenance of G 2 arrest of oocytes and POF remains unclear [8] . Our results suggest that ACSL activity is required for maintaining the signaling of GPR3-Gs in oocytes, so it is possible that loss of ACSL activity may be a cause of POF. More interestingly, previous study shows that haplotypes of ACSL6 are, indeed, associated with POF [19] . Thus, it is quite worthy to directly test the function of ACSL6 in mammalian ovary and see whether it is a functional ortholog of acsl1b.
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